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Pollution of aquatic systems has become a recurring problem nowadays. The main goal of this study is to assess the 
impact of Cd and Pb on the antioxidant system of Sphyraena barracuda collected at Kpeme of South Togo. Two enzymatic 
biomarkers (catalase and glutathione-S-transferase) and two non-enzymatic biomarkers (malondialdehyde and glutathione) 
of oxidative stress were measured in various organs like liver, heart, gills and kidney of Sphyraena barracuda. The results 
indicated that stress was induced by Cd and Pb in these organs through lipid peroxidation and glutathione production. 
However, there was an alteration of the antioxidant system by low glutathione-S-transferase and catalase activities in the 
gills. Whereas, in other organs like heart, liver, and kidney, higher activity of glutathione-S-transferase and lesser activity of 
catalase was observed. From the results, it is very clear that Cd and Pb altered the antioxidant system of fish in comparison 
to the control samples. 
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Introduction  
Anthropogenic environmental pollution represents 
a major problem in sustainable development. One of 
the major sources of pollution is industrial activity. 
The impacts of industries on the environment are 
diversified and include air pollution, due to dust or 
gaseous emissions, and soil and aquatic ecosystem 
pollution, caused by the release of effluents and solid 
waste1. In Togo, industrial effluents and solid waste 
are dumped into the sea at the lake region of Kepme 
by the SNPT (New Phosphate Treatment Society); 
these wastes contain trace elements such as Cd, Pb2-4, 
and fluoride (Fig. 1). Bioaccumulation of xenobiotics 
in marine floral and faunal species is observed when 
these pollutants end up in the marine environment5. 
Cd and Pb contents observed in the soil, marine 
sediments, phosphate ores, seawater, and seafood 
from our study area are summarized in Table 1(refs. 3,5-7). 
According to the previous studies, sludge weighing 
about 5100 tons was directly released into the marine 
environment, which contains 28 ppm and 2.3 ppm of 
Cd in dry form and liquid sludge, respectively7. The 
data thus express the degree of exposure of aquatic 
species to the pollutants in this area. 
The marine waters of the Togolese coast are 
therefore subjected to intense pollution at Kpeme 
because of the presence of the toxic metals (Cd and 
Pb)2-7. It is clear that toxic metals are the most 
problematic of all contaminants because of their 
ubiquitous character in the biosphere, their high 
persistence, and high toxicity8,9. Being non-
biodegradable, toxic metals are harmful to the 
environment and have the capacity to accumulate in 
living organisms10. Beyond the health risk on humans 
through the food chain, the alteration of aquatic 
organisms deserves special attention not only to 
protect species but also to contribute to food security. 
The SNPT phosphate waste disposal model therefore 
represents a danger through pollution of the marine 
ecosystem and subsequent harmful effects on marine 
organisms2-5. Toxic metals promote cellular oxidative 
stress in organisms by decreasing anti-radical 
protection and activating free radical production 
pathways8,10. Indeed, when the body functions well, 
there is an equilibrium between the mechanism of 
reactive oxygen species production (pro-oxidant 
system) and their elimination8,10. This equilibrium 
following exposure to environmental pollution can be 
broken in favor of the pro-oxidant system thus 
establishing an oxidative stress10. 
The numerous adverse effects of metals have led 
many researchers in both  developed  and  developing  
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Table 1 — Cd and Pb content range in soil, phosphate ores, 






























countries to investigate the aquatic ecosystem 
contamination by toxic metal pollutants11,12. The 
adverse effects in the Togolese coastal ecosystem due 
to the bioaccumulation of toxic metals are not yet 
studied. However, in case of pollution, the effects 
observed at the level of the populations are 
manifested for a long duration of exposure and for a 
high concentration of the pollutants. Thus, the effect 
becomes identifiable at the human level in the 
impacted zones when the intoxication exceeds the 
remediation limits. In addition, the gradual decline in 
the quantities of fishery products raises concerns 
about the threat of marine fauna in this area in Togo. 
The present work fits into this context and aims to 
evaluate the impact of the presence of toxic metals 
(Cd and Pb) on the antioxidant system of marine fish 
Sphyraena barracuda at Kpeme, where sludge, 
effluents, and solid waste are released into the sea 
after phosphate ore treatment. Fishes have been used 
for assessing the aquatic ecosystem quality, and thus 
can be used as bioindicators of aquatic ecosystem 
monitoring13. At the Togolese coast, the marine fish S. 
barracuda is very popular among consumers because 
of its good taste and less bone content with more 
flesh. Thus, the cadmium and lead contents in the 
organs such as heart, liver, gills, and kidney of S. 
barracuda were determined at Kpeme and Gbodjome. 
The biochemical impact of these metals was evaluated 
through enzymatic (glutathione-S-transferase and 
catalase) and non-enzymatic (glutathione and 
malondialdehyde) bioindicators of the aquatic 
environmental stress that are biological markers of 
aquatic pollution14-16. This evaluation assessed the 
integrity of the antioxidant system of S. barracuda 
affected by Cd and Pb. 
Materials and Methods 
Our area of study is situated to the south of Lome–
Aneho national road, from the village of Gbodjome 
(west) to Kpeme at an approximate distance of 11 km. 
By its geographical location, this complex is part of 
the prefecture of the lakes, located at 66 m altitude 
and between 06°22'00" N and 01°40'00" E in the 
Togo maritime region. The geographical description 
of the two villages in this study is as follows: Kpeme 
(06°2'45.9" N and 01°30'16.1" E) is the site of the 
phosphate treatment plant. After this treatment, sludge 
and solid wastes are released into the sea and also on 
the land (Fig. 1); Gbodjome (06°11'39.6'' N and 
01°25'03.8'' E) is a village located to the west at 10 – 
11 km from Kpeme and it is not directly affected by 
the release of waste from the plant (Fig. 2). This 
locality is considered as control. The essential 
characteristic of this geographical space is that it 
houses the phosphate ore processing plant whose dust 
is discharged into the atmosphere, as well as waste 
and sludge are released into the sea and on soils/land 
which contain toxic metals (Cd and Pb) and fluoride 
(Fig. 1).  
S. barracuda samples were collected from the sea
at Kpeme (South of Togo) and were moved to the 
laboratory on the same day using ice-cold containers 
(0 – 4 °C). In order to minimize stress, the fish 
samples were kept alive for at least 24 hours. Fishes 
used as control samples were collected from 
Fig. 1 — Reject of phosphate sludge (A and B) and wastes (C) into the sea at Kpeme 
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Goumoukope locality which is not directly affected 
by the release of waste from the plant. The fish 
samples (20) weighed in the range of 457 – 529 g 
(Fig. 3). Samples of seawater were also collected at 
these two stations at the same time. Dissection of the 
fishes was performed to quickly remove the fish 
organs such as heart, liver, kidney, and gills, and the 
post-mitochondrial fraction was processed as follows: 
the organs were washed in ice-cold 1.15 % KCl 
solution, blotted, and then weighed. Then the samples 
were homogenized by four volumes of homogenizing 
buffer (50 mM Tris-HCl mixed with 1.15 % KCl 
and pH adjusted to 7.4), using Teflon Homogenizer. 
Centrifugation of the homogenate was perfomed 
at 10,000 g at a temperature of 0 – 4 °C for 20 min 
in a Beckman L5-50B centrifuge. The supernatant 
was decanted and stored at -20 °C for further 
analysis. 
The Cd and Pb concentrations in the blood were 
determined by using a Bulk Scientific Atomic 
Absorption Spectrophotometer, AES, 2000 series. 
A mixture of air and acetylene was used as the flame. 
For quality control and quality assurance, standards 
for each of the metals were aspired into the flame in 
the order of 0.0 ppm, 0.8 ppm, and 1.6 ppm. 
A standard curve was plotted with the resultant 
values. Then, the tissue samples were aspirated into 
the flame, and the values were obtained by 
extrapolation from the standard curve8. 
The content of total protein in the samples was 
estimated using the method of Lowry et al.17 by using 
a standard protein, here bovine serum albumin 
(BSA)17. The estimation of lipid peroxidation was 
made by measuring the thiobarbituric acid reacting 
substances (TBARS) as previously described14. 
Malondialdehyde (MDA) was quantified by using Σ = 
1.56 x 105 M-1/cm18. 
Glutathione (GSH) was measured in the 10,000-g 
supernatant fraction of the heart, liver, kidney, and 
gills homogenates of S. barracuda as suggested by 
Jollow et al.19 at 412 nm using 5,5’-dithio-bis-(2-
nitrobenzoic acid) (DTNB)19. The activity of 
Fig. 2 — Map showing the study area with the prospected localities 
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glutathione-S-transferase (GST) was determined by 
adopting the method of Habig et al.20 using 1-chloro-
2,4-dinitrobenzene as a substrate20. The reaction 
mixture comprised of 1.7 ml of 100-mM phosphate 
buffer (pH 6.5) and 0.1 ml of 30-mM CDNB. A 5-min 
pre-incubation of the reaction mixture was performed 
at 37 °C; then the reaction was started by the addition 
of 0.1 ml diluted sample, and the absorbance was 
measured for 5 min at 340 nm. An enzyme-less 
reaction mixture was used as blank. The specific 
activity of glutathione-S-transferase is expressed as 
nmoles of GSH–CDNB conjugate formed/min/mg 
protein using an extinction coefficient of 9.6 mM-1 
cm-1. Activity of catalase (CAT) was analyzed
according to the standard procedure (Greenwald21) by
following the absorbance of hydrogen peroxide at
240 nm, with a pH 7.0, and temperature 25 °C21.
All results were expressed as mean ± ESM and 
analyzed using the GraphPad Prism software version 
7.0. The experimental samples were compared using 
the one-way ANOVA. When significant differences 
were observed (P < 0.05), the polluted areas were 
compared with the control using the Student’s t-test. 
SAS (The SAS System for windows, v8; SAS 
Institute Inc., Cary, NC) was used to perform all the 
statistical analyses. 
Results 
The concentrations of metals in the heart, liver, 
kidney, and gills of S. barracuda from the control 
station (Gbodjome) and Kpeme are tabulated in 
Table 2(refs. 22-25). Varying levels of heavy metal 
accumulations in the organs of the fish were observed. 
Higher level of metal accumulation was observed in 
Pb followed by Cd in all the organs. The 
concentration trend of the metals in the organs is as 
follows: Pb) Liver > Kidney > Gills > Heart; and Cd) 
Liver > Gills > Kidney > Heart. The Cd and Pb 
concentrations in all the organs of fishes collected at 
Kpeme (Table 2)22-25 were non-compliant with the 
acceptable limit for consumption by international 
standards (FAO, UNEP, and WHO)22-25. In addition, 
while comparing the fish from Kpeme with the 
control samples, the level of metals in the Kpeme fish 
organs were higher than the control samples 
(Gbodjome) (Table 2)22-25. Bioaccumulation factor 
also varied as follows: Pb) Liver > Kidney > Gills > 
Heart; and Cd) Liver > Gills > Kidney > Heart (Table 3). 
The MDA formation levels in S. barracuda are 
illustrated in Figure 4. In all the organs of fishes, 
MDA levels were observed to be significantly higher 
in the Kpeme fishes compared to Gbodjome fishes. 
Fig. 3 — Sphyraena barracuda samples 
Table 2 — Cd and Pb contents in Sphyraena barracuda organs (ppm) 
Various Organs
Metals Stations Liver Kidney Heart Gills
Pb Acceptable limit :  
0.2922-25
Control 0.03±0.008 ND ND 0.01 ± 0.05 
Test 7.54±0.012*** 6.28 ± 0.004 3.70 ± 0.001 5.60±0.004*** 
% Change 25033 - - 55900 
Cd Acceptable limit :  
0.0522-25
Control 0.01 ± 0.0002 ND ND 0.01 ± 0.001 
Test 1.18±0.003*** 1.03 ± 0.080 0.11±0.005 1.13±0.010*** 
% Change 11700 - - 11200 
The results are expressed as mean of 10 fishes ± SD; ***Significantly different from control, P < 0.001; and ND = Not detected. 
Table 3 — Cd and Pb contents in seawater and bioaccumulation 
factor (BAF) of Sphyraena barracuda organs (ppm) 
Various Organs 
Metals Content in 
seawater (ppm) 
Liver Kidney Heart Gills 
Pb Control : 
0.33±0.02 
09.09 - - 03.03
Test : 
6.97±0.930*** 
108.17 90.10 53.08 80.34 
Cd Control : ND - - - - 
Test : 1.09±1.030 108.26 94.49 10.09 103.67 
Contents are expressed as mean of 10 fishes ± SD;
***Significantly different from control, P < 0.001; ND = Not 
detected; and BAF determined through the ratio of the content in
the organ to that of the seawater. 
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The concentration of MDA was considerably higher 
in the gills. The increase in lipid peroxidation 
percentage compared with control for liver, kidney, 
heart, and gills was 168 %, 93 %, 53 %, and 148 %, 
respectively. The concentrations of GSH in the 
various organs of S. barracuda are shown in Figure 5. 
A significant increase in the levels of GSH was 
observed in the liver, kidney, and heart, except the 
gills of fish from Kpeme compared to that of control 
fishes from Gbodjome. Increased percentages in GSH 
levels were observed in liver (71 %), kidney (73 %), 
and heart (43 %). A 39 % decrease in the GSH 
value was observed in the gills compared to control 
(Fig. 5). 
The GST activity levels in the liver, kidney, and 
heart of S. barracuda from Kpeme were higher 
compared to control (P < 0.001), whereas there was a 
significant decrease in the GST activity level in the 
gills (P < 0.001). In the liver, kidney, and heart there 
was an increase in the level by 53 %, 55 %, and 39 %, 
respectively. A significant decrease (38 %) was seen 
in the gills (P < 0.001) of fish from Kpeme compared 
to that of control fishes from Gbodjome (Fig. 6). CAT 
activities were (P < 0.001) reduced significantly by 
26 %, 21 %, and 37 % in the liver, kidney, and gills, 
respectively; and less significant (P < 0.05) reduction 
(09 %) was observed in the heart of S. barracuda 
from Kpeme in comparison to control fishes from 
Gbodjome (Fig. 7). 
Discussion 
Due to extended anthropogenic activities, the 
industrial effluents are considered as one of the prime 
sources of elevated levels of toxic metals including Pb 
and Cd in certain aquatic bodies1,26. Marine water is 
known to be polluted at Kpeme (South of Togo) due 
Fig. 4 — Levels of malondialdehyde (MDA) in the liver, kidney,
heart, and gills of Sphyraena barracuda from the control station
(Gbodjome) and Kpeme. Values are mean ± SD of 10 fishes.
Significantly different from control ***P < 0.001 
Fig. 5 — Levels of glutathione (GSH) in the livers, kidney, heart,
and gills of Sphyraena barracuda from the control station
(Gbodjome) and Kpeme. Values are mean ± SD of 10 fishes.
Significantly different from control ***P < 0.001 
Fig. 6 — Activities of glutathione-S-transferase (GST) in the 
livers, kidney, heart, and gills of Sphyraena barracuda from the 
control station (Gbodjome) and Kpeme. Values are mean ± SD of
10 fishes. Significantly different from control ***P < 0.001 
Fig. 7 — Activities of catalase (CAT) in the livers, kidney, heart,
and gills of Sphyraena barracuda from the control station 
(Gbodjome) and Kpeme. Values are mean ± SD of 10 fishes.
Significantly different from control ***P < 0.001; *P < 0.05 




to increasing industrial activities of SNPT plant. 
Studies indicated the presence of toxic metals in 
Togolese phosphates2-7. It has also been shown that 
solid wastes and effluents discharged into the sea at 
Kpeme after phosphate treatment by the plant contain 
these trace metal elements. Subsequently, many 
authors reported the contamination of marine waters, 
sediments, and marine products with toxic metals to 
show the human health risk5. The impact of toxic 
metals on marine fauna in Kpeme has been neglected, 
and no research activity has focused on this impact. 
However, it is noted from year to year a drop in catch 
of fishery products in this zone and certain species 
become rarer7. Data are therefore lacking in relation 
to the biochemical impact of toxic metals pollution on 
marine fauna in this area. These data are important 
not only for the purpose of contributing to the 
preservation of species, but also to sustainable human 
development. The present study assessed the 
concentration of heavy metals in S. barracuda which 
is a commercially important fish in Togo and is 
preferred widely for consumption. Further, certain 
biomarkers of oxidative stress have been explored 
which can be used as surrogate biomarkers of aquatic 
pollution. The results are indicative of accumulation 
of high concentrations of Cd and Pb in the liver, 
kidney, heart, and gills of S. barracuda from Kpeme 
area which influences the lipid peroxidation induction 
and the antioxidant enzymes alteration in the organs 
of fish.  
The level of Pb in the liver and kidney samples of 
fish were in the range from 6.28 ppm to 7.59 ppm. 
The liver and kidney contained the highest 
concentrations of these metals. Presumably, due to the 
presence of metal-binding proteins (metalothioneins 
and apoliprotein A-I), the liver and the kidneys 
possess the ability to accumulate heavy metals27. 
Similar concentrations of these metals in the liver and 
kidney of fish samples have been reported elsewhere8. 
In this study, the reported cadmium concentration is 
consistent and within the range reported in other 
studies which have evaluated metal contamination in 
fishes. For example, Asharaf12 reported a 0.41-ppm 
concentration of Pb in the kidney of Epinephelus 
microdon fish from Arabian Gulf. In many previous 
studies, lower concentrations of Cd in kidney have 
been reported8-9; and this could be due to the 
decreased tendency of Cd species towards the 
available active sites (N- and/or O-donor atoms) in 
the kidney tissues to form tetrahedral or square planar 
Cd (II) complex species. The metal concentrations in 
all the organs of the fish were found to be higher than 
the permissible levels set by international standards 
for consumption22-26. The concentrations of Pb and Cd 
in the gills are explained by the physiological role of 
this organ in fish. Indeed, the gills come in first 
contact with the polluted water because of the 
branchial breathing. This result agrees well with 
Clarias gariepinus from Ogun river, polluted by 
industrial activities8. 
Our findings prove a significant elevation of lipid 
peroxidation in all the organs. Lipid peroxidation 
plays an integral role in the numerous pathologies in 
which oxidative stress is involved, occurring through 
a chain reaction that contributes to membrane damage 
in cells. In the present study, increased concentration 
of heavy metals observed in the various organs could 
be the reason for the increase in lipid peroxidation.  
It is well documented that metals catalyze the 
formation of reactive oxygen species (ROS) which are 
capable of damaging biological molecules such as 
DNA, proteins, and lipids28. Lipid peroxidation was 
greater in the gills and liver followed by kidney and 
was lesser in the heart. Peroxidation indicates  
the stress induced by pollutants in the organs.  
If this stress is significantly more in the gills, it  
is because they are in permanent contact with the 
polluted water. The importance of stress follows  
that of bioaccumulation of Cd and Pb. Further, in  
all the organs except the gills, the higher activity  
of GST and the redox-sensitive thiol compound GSH 
was noted.  
The increase in GSH levels with concomitant 
elevation in the activity of GST in the organs is an 
indicative of adaptive and protective role of this 
biomolecule against oxidative heavy-metal-induced 
stress. The result of this study agrees well with the 
study from Panipat river in India where Wallgo attu 
fish was studied28. This variation of GSH and GST 
activity confirms that of MDA. The decrease in the 
levels of antioxidant enzymes, GSH, and GST in the 
gills could be reason for the good lipid peroxidation 
activity. Metal accumulation is higher in the gills, as 
they are the first line of contact with the contaminated 
water and have thin epithelial cells that can be easily 
penetrated29. Under acute oxidative stress, the toxic 
effects of the pollutants may easily overcome the 
antioxidant defenses8.  
The CAT system being one of the first line of 
defenses against oxidative stress, faces an increased 
activity when it is confronted by the environmental 
pollutants8,11. However, the activity of CAT in all the 




organs was found to be decreased in this study.  
The flux of superoxide radicals, with their CAT 
activity inhibition properties, could be attributed  
to the decreased CAT activity. A similar CAT activity 
decrease has been reported earlier in Cyprinidae fish 
from Seyhan dam lake of Turkey29, Acipenser 
ruthenus from the Danube river of Serbia, and in 
Clarias gariepinus from Ogun river in Nigeria8. 
Thus, lipid peroxidation allowed us to show  
that the presence of Cd and Pb in organs induces 
oxidative stress whose intensity is proportional to 
bioaccumulation. The GSH detoxification system 
shows that the gills are more overwhelmed by 
pollutants because of their role in branchial breathing. 
The activity of catalase, less expressed in this  
study, shows an inhibition of the antioxidant  
system due to the intensity of the bioaccumulation of  
toxic metals.  
 
Conclusion 
In summary, this study reveals higher accumulation 
of Cd and Pb in the liver, kidney, heart, and gills of  
S. barracuda from Kpeme, possibly due to the 
increased level of industrial pollution. This study also 
reports the biochemical dysfunction of S. barracuda 
due to the alterations in antioxidant enzyme activities 
and other biomarkers of oxidative stress. In addition, 
the results provide evidence for the use of enzymatic 
and non-enzymatic biomarkers of oxidative stress as 
sensitive indicators of aquatic pollution. 
 
Acknowledgements 
All the authors are grateful to authorities of 
Bharathidasan University, India, and University of 
Lome, Togo, West Africa, for facilities provided.  
Dr. Melila Mamatchi greatly acknowledges the  
C V Raman International Fellowship for African 
Researcher under Visiting Fellowship (INT/NAI/ 
CVRF/2016 Dt. 1st August 2017) to complete this 
work.  
 
Conflict of Interest 
The authors declare no conflict of interest. 
 
Author Contributions 
MM & RR conceived and designed the 
experiments; and MM & AG conducted the 
experiment and collected the data. MM, RR & AG: 
Data analysis and wrote the paper; and MM & RR 
involved in data analysis and language editing.
 
References 
1 Alinor I J, Assessment of elemental contaminants in water 
and fish samples from Aba River, Environ Monit Assess,  
102 (2005) 15-25. 
2 Tchangbedji G, Djeteli G, Kili A, Savariault M J &  
Lacoutl J, Chimical and structural characterization of natural 
phosphate of Hahotoé (Togo), Bull Chim Ethiop, 17 (2003) 
1-8. 
3 Gnandi K & Tobschall H J, The pollution of marine 
sediments by trace elements in the coastal region of Togo 
caused by dumping cadmium-rich phosphorite tailing in to 
the sea, Environ Geol, 38 (1999) 13-24. 
4 Gnandi K, Tchangbédji G, Kili K, Baba G & Ouro Salim A I, 
Processing of Phosphate Mine Tailings by Coagulation 
Floculation to Reduce Marine Pollution in Togo: Laboratory 
Tests, Mine Water Environ, 24 (2005) 215-221. 
5 Gnandi K, Tchangbedji G, Kili K, Baba G & Abbe K, The 
impact of Phosphate mine tailing on the bioaccumulation of 
heavy metals in marine fish and crustaceans from the coastal 
zone of Togo, Mine Water Environ, 25 (2006) 56-62. 
6 Aduayi-Akue A A & Gnandi K, Assessment of soils and 
local variety of maize Zea mays pollution by heavy metal in 
the Phosphate treatment area of Kpeme (southern Togo), Int 
J Biol Chem Sci, 8 (2014) 2347-2355 (in French). 
7 North-South Environment (NSE) - IW:LEARN/ONUDI, 
Reduction of waste from phosphate mines in the GCLME; 
Togo demonstration project 2007, Final Report, 2007, pp. 
144. Available on the site: https://www.google.fr/url, 
accessed on June 16, (in French). 
8 Farombi E O, Adelowo O A & Ajimoko Y R, Biomarkers of 
oxidative stress and heavy metal levels as indicators of 
environmental pollution in African Cat Fish (Clarias 
gariepinus) from Nigeria Ogun River, Int J Environ Res Pub 
Heal, 4 (2007) 158-165. 
9 Kalay M, Ay P & Canil M, Heavy metal concentration in 
fish tissues from the northeast Mediterean sea, Bull Environ 
Contam Toxicol, 63 (1999) 673-671. 
10 Favier A & Goudable J, Oxygen free radicals and 
antioxidants, Nutr ClinMetabol, 11 (1997) 115-120 (in 
French). 
11 Dautremepuits C, Paris-Palacios S, Betoulle S & Vernet G, 
Modulation in hepatic and head kidney parameters of  
carp (Cypinus carpio L.) induced by copper and chitosan, 
Comp Biochem Physiol Toxicol Pharmacol, 137 (2004)  
325-333. 
12 Asharaf W, Accumulation of heavy metals in kidney and 
heat tissues of Epinephelus microdon fish from the Arabian 
Gulf, Environ Monit Assess, 101 (2005) 311-312. 
13 Lopez P A, Pinheiro T, Santos M C, Collares-Pereira M J & 
Viegas-Crespo A M, Response of antioxidant enzyms in 
freshwater fish populations (Leuciscus alburnoides complex) 
to inorganic polluants exposure, Sci Total Environ,  
280 (2001) 153-163. 
14 Farombi E O, Tahnteng J G, Agboola O, Nwankwo J O & 
Emerole G O, Chemoprevention of 2-acetyl aminofluorene-
induced hepatotoxicity and lipid peroxidation in rats by 
kolaviron- A Garcinia kola seed extract, Food Chem Toxicol, 
38 (2000) 535-541. 
15 Olaifa F G, Olaifa A K & Onwude T E, Lethal and sub-lethal 
effects of copper to the African Catfish (Clarias gariepinus), 
African J Biomed Res, 7 (2004) 65-70. 




16 Viana F, Huertas R & Danulat E, Heavy metal levels in fish 
from coastal waters of Uruguay, Arch Environ Contam 
Toxicol, 48 (2005) 530-537. 
17 Lowry O H, Rosenbrough N M, Farr A L & Randall R J, 
Protein measurement with Folin phenol reagent, J Biol 
Chem, 193 (1951) 265. 
18 Buege J A & Aust S D, Microsomal lipid peroxidation, 
Methods Enzymol, 52 (1978) 302-310. 
19 Jollow D, Mitchell L, Zampaglione N & Gillete J, 
Bromobenzene induced liver necrosis: Protective role of 
glutathione and evidence for 3, 4-bromobenzenoxide as the 
hepatotoxic intermediate, Pharmacology, 11 (1974) 151-69. 
20 Habig W H, Pabst M J & Jakoby W B, Glutathione S-
transferases, The first enzymatic step in mercapturic acid 
formation, J Biol Chem, 249 (1974) 7130-7139. 
21 Greenwald R A (Ed.), Handbook of Methods for Oxygen 
Free Radical Research, (CRC Press, Boca Raton, FL), 1985, 
pp. 283-284. 
22 WHO, Cadmium. Environmental Health Criteria, (Geneva: 
WHO), Vol 134, 1992. 
23 WHO, Inorganic lead. Environmental Health Criteria, 
(Geneva: WHO), Vol 165, 1992. 
24 UNEP, Assessment of the present state of pollution by 
Cadmium, Copper, Zinc and Lead in the Mediterranean Sea, 
Document UNEP/WG, 144/11 (Athen: UNEP), 1986. 
25 FAO, Compilation of legal limits for hazardous substances in 
fish and fishery products, FAO Fishery Circular, 464 (1983) 
5-100. 
26 Chinni S, Khan R N & Yallapragada P R, Oxygen 
consumption, ammonia-N excretion and metal accumulation 
in Penaeus indicus post-larvae exposed to lead, Bull Environ 
Contam Toxicol, 64 (2000) 144 -151 
27 Kargin F, Cogun H & Cogun Y, Metal interactions during 
accumulation and elimination of zinc and cadmium in tissues 
of the freshwater fish, Tilapia nilonitica, Bull Environ 
Contam Toxicol, 63 (1999) 511-519. 
28 Pandey S, Parvez S, Sayeed I, Haque R, BinHafeez B, et al., 
Biomarkers of oxidative stress: a comparative study of river 
Yamuna fish Wallago attu (Bl. & Schn.), Sci Total Environ, 
309 (2003) 105-115. 
29 Stanic B, Andric N, Zoric S, Grubor-Lajsic G & Kovacevic R, 
Assessing pollution in the Danube River near Novi Sad 
(Serbia) using several biomarkers in sterlet (Acipenser 
ruthenus L.), Ecotoxicol Environ Safety, 65 (2005) 395-402. 
 
